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Abstract
Background: The results from the published studies on the association between angiotensin-converting enzyme (ACE)
insertion/deletion (I/D) gene polymorphism and the treatment response to steroid in Asian children with idiopathic
nephrotic syndrome (INS) is still conflicting. This meta-analysis was performed to evaluate the relation between ACE I/D
gene polymorphism and treatment response to steroid in Asian children and to explore whether ACE D allele or DD
genotype could become a predictive marker for steroid responsiveness.
Methodology/Principal Findings: Association studies were identified from the databases of PubMed, Embase, Cochrane
Library and CBM-disc (China Biological Medicine Database) as of September 1, 2010, and eligible investigations were
synthesized using meta-analysis method. Five investigations were identified for the analysis of association between ACE I/D
gene polymorphism and steroid-resistant nephrotic syndrome (SRNS) risk in Asian children and seven studies were included
to explore the relationship between ACE I/D gene polymorphism and steroid-sensitive nephrotic syndrome (SSNS)
susceptibility. Five investigations were recruited to explore the difference of ACE I/D gene distribution between SRNS and
SSNS. There was no a markedly association between D allele or DD genotype and SRNS susceptibility or SSNS risk, and the
gene distribution differences of ACE between SRNS and SSNS were not statistically significant. II genotype might play a
positive role against SRNS onset but not for SSNS (OR=0.51, P=0.02; OR=0.95, P=0.85; respectively), however, the result
for the association of II genotype with SRNS risk was not stable.
Conclusions/Significance: Our results indicate that D allele or DD homozygous can’t become a significant genetic
molecular marker to predict the treatment response to steroid in Asian children with INS.
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Introduction
Idiopathic nephrotic syndrome (INS) is the most common
glomerular disease in childhood [1], and uniformly present as
proteinuria, hypoalbuminemia, hyperlipidemia and gravity-de-
pendent edema, with other features like hematuria, hypertension,
and decreased glomerular filtration rate [2]. With a benign
prognosis, most of INS have a satisfactory response to steroid
therapy [3]. According to the clinical response to steroids, INS are
divided into steroid-sensitive nephrotic syndrome (SSNS) and non-
steroid-sensitive nephrotic syndrome (non-SSNS), and non-SSNS
is further divided into steroid-dependent nephrotic syndrome
(SDNS) and steroid-resistant nephrotic syndrome (SRNS) [4]. Age
of initial presentation has an important impact on the disease
distribution and the response to steroid [5]. Most of children with
INS respond to corticosteroid treatment (SSNS), and about 10%
of children with INS are mainly steroid-resistant (SRNS) [6].
SRNS is at risk of developing end stage renal disease [7]. In
clinical practice, the best prognostic indicator for INS is whether
or not the disease responds to steroid treatment [8]. Patients with
SSNS or SRNS have a similar clinical manifestation, and there is
no specific laboratory indicator to distinguish these two clinical
entities [1]. Pathological evaluation of renal cortical tissue, by
means of a renal biopsy, has traditionally been used to detect a
distinction between SSNS and SRNS [1]. The pathological
correlations to SSNS and SRNS are minimal change disease
and focal segmental glomerulosclerosis, respectively. However,
these histological diagnoses aren’t always parallel to patients’
clinical response to treatment. Identification of noninvasive
biomarkers that accurately distinguish SSNS from SRNS would
be most beneficial to the patients with SRNS, preventing their
exposure to high-dose, yet ineffective steroid courses [1]. In the
past years, some investigations suggested that there might be an
association between angiotensin-converting enzyme (ACE) inser-
tion/deletion (I/D) gene polymorphism and treatment response to
steroid in children with INS and DD genotype or D allele might
become a candidate indicator for predicting the response to
corticosteroid treatment.
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renin-angiotensin system (RAS) is involved in the pathogenesis of
renal disorders [9,10,11,12]. ACE, a key zinc metallopeptidase,
catalyses the conversion of angiotensin I to angiotensin II, which is
the main active product of the RAS [13]. An increased angiotensin
II level causes deleterious effects on renal haemodynamics and
induces the expression of different growth factors and cytokines,
leading to tubulointerstitial fibrosis and glomerulosclerosis [14].
The ACE gene consists of either an insertion (I) allele or a deletion
(D) allele forming three possible genotypes: II, ID and DD [15].
DD homozygous or D allele is associated with elevated circulating
and tissue ACE activity compared to I allele [6,16,17,18]. Patients
with SRNS eventually receive symptomatic treatment with
synergic combinations of angiotensin converting enzyme inhibitors
and angiotensin II receptor blockers as they seem to produce a
nonspecific decrease in the proteinuria and reduce glomerular
transcapillary hydrostatic pressure as well as the synthesis of
profibrotic cytokines that alter glomerular permeability [19].
There might be an association between ACE and the response to
corticosteroid treatment.
The ACE I/D gene polymorphism, correlating with circulating
and cellular ACE concentration [16], might be implicated in the
etiology of SRNS or SSNS and has been investigated in numerous
epidemiologic studies. Most of them were performed in Asian
children, and only a few original investigations were conducted in
Caucasians or Africans. However, the available evidence is weak
for Asians at present, due to sparseness of data or disagreements
among the reported investigations. The geographic and race
difference is an important factor to effect the association between
the gene polymorphism and the susceptibility of renal diseases. So,
in this study, we only included the investigations performed in
Asians.
The evidence from meta-analysis may be powerful when
compared with the individual investigation. In the past years,
there were some meta-analyses to explore the association of ACE
I/D gene polymorphism with the susceptibility of some diseases in
Asians. Some investigators [20][21,22] respectively took a meta-
analysis to investigated the association of ACE I/D gene
polymorphism with immunoglobulin A nephropathy (IgAN) risk,
and found that DD homozygous was associated with an increased
risk of IgAN in Asians. Ji et al [23] conducted a meta-analysis to
explore the association of ACE I/D gene polymorphism with
essential hypertension susceptibility in Asians and found that DD
homozygous was associated with hypertension risk. Zhang et al
[24] performed a meta-analysis to study the relation between ACE
I/D gene polymorphism and the onset of asthma, and observed
that there was an association between D allele or DD genotype
and the asthma susceptibility in Asian population. Whether the
ACE I/D gene polymorphism was associated with the response to
corticosteroid treatment and could predict the treatment response
to steroid in Asian children with INS, there was rare meta-analysis
to investigate. We performed this meta-analysis to investigate
whether the ACE I/D gene polymorphism could become a
valuable indicator to predict the steroid responsiveness in Asian
children with INS.
Materials and Methods
1. Search strategy
1.1 Search strategy for the association of ACE I/D gene
polymorphism with SRNS risk. The relevant studies were
searched from the electronic databases of PubMed, Cochrane
Library and CBM-disc (China Biological Medicine Database) on
September 1, 2010. (Steroid resistant nephrotic syndrome OR
SRNS) AND (Angiotensin converting enzyme OR ACE) was
entered into these databases mentioned above for search.
Additional articles were identified through references cited in
retrieved articles.
1.2 Search strategy for the relationship between ACE I/D
gene polymorphism and SSNS susceptibility. A systematic
literature search in PubMed, Cochrane Library and CBM-disc
was carried out on September 1, 2010 using (Steroid sensitive
nephrotic syndrome OR SRNS) AND (Angiotensin converting
enzyme OR ACE). A search of bibliographies listed in those
published studies was also conducted to identify the additional
publications.
1.3 Search strategy for the I/D gene distribution of ACE
between SRNS and SSNS. PubMed, Cochrane Library and
CBM-disc were searched using (Steroid resistant nephrotic
syndrome OR SRNS) AND (Steroid sensitive nephrotic
syndrome OR SRNS) AND (Angiotensin converting enzyme
OR ACE) as of September 1, 2010, and a search of bibliographies
listed in those published studies was also performed to identify
additional publications.
2. Inclusion and Exclusion Criteria
2.1 Inclusion and Exclusion Criteria for SRNS. Inclusion
criteria: (1) A case–control study; (2) The outcome had to be
SRNS; (3) There had to be at least two comparison groups
(SRNS group vs control group); (4) Investigation was conducted in
children.
Exclusion criteria: (1) Review articles and editorials; (2) Case
reports; (3) Investigation did not provide the detailed data of
genotype distribution; (4) Preliminary results not on ACE I/D
gene polymorphism or outcome; (5) Investigating the role ACE
inhibitor to diseases; (6) Association of ACE I/D gene polymor-
phism with INS but not SRNS.
2.2 Inclusion and Exclusion Criteria for SSNS. Inclusion
criteria: (1) Case–control investigation; (2) The outcome must be
SSNS; (3) There should have at least two comparison groups
(SSNS group vs control group) in the study. (4) Study was
performed in children.
Exclusion criteria: (1) Review articles and editorials; (2) Case
reports; (3) Article did not provide the detail genotype data; (4)
Investigating the association of other genes with SSNS or the
relation between ACE I/D gene polymorphism and other diseases.
(5) Studying the role ACE inhibitor to diseases; (6) Association of
ACE I/D gene polymorphism with INS but not SSNS.
2.3 Inclusion and Exclusion Criteria for studies including
SRNS and SSNS. Inclusion criteria: (1) Case–control study; (2)
The outcome included SRNS and SSNS; (3) Two comparison
groups (SRNS group vs SSNS) in the report was needed. (4)
Investigation was implemented in children.
Exclusion criteria: (1) Case reports, editorials and Review articles;
(2) Investigation did not provide the detailed data of genotype
distribution; (3) Results not on ACE I/D gene polymorphism or
outcome; (4) Investigating the role ACE inhibitor to diseases; (5)
Association of ACE I/D gene polymorphism with INS but not
SRNS and SSNS.
3. Data extraction and synthesis
Two investigators independently extracted the following
information from each eligible study: first author’s surname, year
of publication and the number of cases and controls for ACE
genotype. Frequency of D allele was calculated for case group and
control group, from the corresponding genotype distribution. The
results were compared and disagreements were resolved by
discussion.
Association of ACE with Steroid Responsiveness
PLoS ONE | www.plosone.org 2 May 2011 | Volume 6 | Issue 5 | e195994. Statistical Analysis
Cochrane Review Manager Version 5 (Cochrane Library, UK)
was used to calculate the available data from each investigation.
The pooled statistic was counted using the fixed effects model and
random effects model, respectively. Results were expressed with
odds ratios (OR) for dichotomous data, and 95% confidence
intervals (CI) were also calculated. P,0.05 was required for the
pooled OR to be statistically significant. I
2 was used to test the
heterogeneity among the included studies. When a P value,0.10
indicated a significant statistical heterogeneity across studies, the
results from the random effects models would be more stable when
compared with those in the fixed effects model, and the final
results for our study would come from those in the random effects
models. In order to avoid excessive comparisons, the OR was
calculated by using three methods: method 1, allele comparison (D
allele vs I allele); method 2, comparing DD homozygous with the
other two combinations (DD vs DI+II); method 2, comparing II
genotype with the other two combinations (II vs DD+DI). A chi-
square (x2) test using a web-based program was applied to
determine if genotype distributions of the control population
reported conformed to Hardy-Weinberg equilibrium (HWE;
P,0.05 was considered significant), and the study that the
genotype distributions in the controls were significantly deviated
from HWE was excluded from our sensitive analysis. All
descriptive data were expressed as mean 6 SD.
Results
1 Study characteristics
1.1 Study characteristics for SRNS. Seven studies were
identified for the analysis of the association between ACE I/D
gene polymorphism and SRNS susceptibility. However, two
investigations [6][25] were performed in Caucasians and
Africans respectively, which were excluded from our meta-
analysis. Finally, five studies [4,8,26,27,28] were recruited into
our investigation for the relationship between ACE I/D gene
polymorphism and SRNS susceptibility (Table 1). Interestingly, all
the recruited investigations were performed in children and those
studies were published in English. The data of our interest were
extracted: first author’s surname, year of publication and the
number of cases and controls for ACE genotype (Table 1). Those
five investigations contained 126 case series and 604 controls. The
average distribution frequency of ACE D allele in patients with
SRNS was 64.40% and the average frequency in controls was
48.23%. The average distribution frequency of D allele in cases
was a little increase when compared with that in control group
(SRNS/control=1.34).
1.2 Study characteristics for SSNS. The search yielded 11
references reporting the association of ACE I/D gene poly-
morphism and the onset of SSNS. One study [29] was excluded
because the distribution of ACE I/D gene polymorphism was not
in detail. Furthermore, one report [6] was conducted in
Caucasians and two [25,30] were in Africans, and these were
excluded from our investigation for the relationship between
ACE I/D gene polymorphism and SSNS risk. Seven studies
[4,8,14,26,27,28,31] were identified for the analysis of the
association between ACE I/D gene polymorphism and SSNS
susceptibility in our final review (Table 2). Interestingly, all the
included studies were performed in children. Five studies were
published in English and two [28,31] in Chinese. Those seven
investigations contained 356 case series and 787 controls. The
average distribution frequency of ACE D allele in children with
SSNS was 50.97%, and the average frequency in controls was
46.68%. The average distribution frequency of D allele in cases
was similar with that in control group (SSNS/control=1.09).
1.3 Study characteristics for studies including SRNS and
SSNS. Five studies [4,8,26,27,28] were included in our investi-
gation to explore whether the ACE I/D gene distributions in
SRNS were different from those in SSNS (Table 3). Those five
investigations contained 126 patients with SRNS and 291 SSNS
children. The average distribution frequency of ACE D allele in
patients with SRNS was 64.40%, and the average frequency in
SSNS was 55.87%. The average distribution frequency of D allele
in SRNS group was slightly increased when compared with that in
SSNS group (SRNS/SSNS=1.15).
2 Association of ACE I/D gene polymorphism with
treatment response to steroid
2.1 Association of ACE I/D gene polymorphism with
SRNS risk. In this meta-analysis, five investigations [4,8,26,27,28]
were included into our study to explore the association of ACE I/D
gene polymorphism with SRNS susceptibility in Asian children.
Pooled OR were computed twice, by using the fixed effects method
and the random effects method (Table 4). Random effects model
were more appropriate when marked heterogeneity was present
among the studies. When the fixed effects method was used to
analysis those associations, the pooled OR of the ACE I/D gene
polymorphism associated with SRNS risk were 1.38(95%CI: 1.04–
1.83) for comparison of D allele vs I allele, 1.26(95%CI: 0.84–1.90)
for comparison of combined wild homozygous and variant
homozygous and heterozygous DD vs DI+II respectively. In the
results of fixed effects method, D allele was associated with the onset
Table 1. Characteristics of the studies evaluating the effects
of ACE I/D gene polymorphism on SRNS risk.
First author,
year Case Control D allele (%) P(HWE)
DD ID II DD ID II Case Control
AI-Eisa 2001 6 2 0 25 22 1 87.50 75.00 0.124
Serdaroglu
2005
34 38 11 99 124 64 63.86 56.10 0.037
Yang 2005 0 5 6 5 22 23 22.73 32.00 0.938
Celik 2006 3 16 0 51 74 15 57.90 62.86 0.118
Tsai 2006 4 1 0 2 20 57 90.00 15.19 0.877
doi:10.1371/journal.pone.0019599.t001
Table 2. Characteristics of the studies evaluating the effects
of ACE I/D gene polymorphism on SSNS onset.
First author,
year Case Control D allele (%) P(HWE)
DD ID II DD ID II Case Control
AI-Eisa 2000 33 8 6 25 22 1 78.72 75.00 0.124
Dang 2000 1 6 15 18 36 53 18.18 33.64 0.011
Oktem 2004 16 19 8 13 53 10 59.30 51.97 0.001
Yang 2005 5 12 12 5 22 23 37.93 32.00 0.938
Serdaroglu 2005 75 49 20 99 124 64 69.10 56.10 0.037
Celik 2006 10 39 3 51 74 15 56.73 62.86 0.118
Tsai 2006 6 2 11 2 20 57 36.84 15.19 0.877
doi:10.1371/journal.pone.0019599.t002
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heterogeneity among the included studies was observed for the
analysis of D vs I or DD vs DI+II (P=0.003, P=0.0008;
respectively; Table 4). The results coming from the random
effects method might be more stable compared with those in the
fixed effects method. In the analysis using the random effects
method, we found that D allele and DD genotype were not
associated with SRNS risk (D: OR=1.60, P=0.26; DD:
OR=1.90, P=0.38; Figure 1-A for D, Figure 2-A for DD;
Table 4). Furthermore, the fixed effects method was performed and
we documented that there was significant association between II
genotype and risk of SRNS relative to both other genotypes
combined when the fixed effects method was used (OR=0.51,
P=0.02; Table 4). Interestingly, II homozygous seemed not to play
a protective role against the onset of SRNS when the random effects
method was conducted (OR=0.55, P=0.23; Table 4). There was
no significantheterogeneityforthe comparison ofII vsDD+DI, and
the result from the fixed effects method might be more suitable for
our investigation. The result for the comparison of II vs DD+DI was
not stable and more investigations were needed to be performed to
study this association.
In conclusion, as the result of that there were notable
heterogeneities among the included studies for the comparisons
of D vs I and DD vs (DI+II) (when significant statistical
heterogeneity was observed among the included studies, the final
results would come from those of the random effects models), the
final results for the analysis of the association of ACE I/D gene
polymorphism with SRNS susceptibility in Asian children were as
follow: D: OR=1.60, P=0.26; DD: OR=1.90, P=0.38; II:
OR=0.51, P=0.02 (Table 4).
Sensitivity analysis. The gene distribution of control group
in the included study was not in HWE, which might be an
important reason to cause heterogeneity to our investigation. In
this meta-analysis, sensitivity analysis was performed. The
genotype distributions of the control population in one study [8]
didn’t conform to HWE and this investigation was excluded from
our study. Finally, four studies [4,26,27,28] were recruited into our
sensitivity analysis.
In the sensitivity analysis, the association of D allele or DD
homozygous with SRNS susceptibility in Asian children wasn’t
observed when fixed effects method or random effects method was
used (Table 4). Combination the results from sensitivity analysis
with those in non-sensitivity analysis mentioned above, we might
draw a stable conclusion that D allele and DD homozygous were
not associated with SRNS susceptibility in Asian children.
The II genotype seemed not to play a protective role against
SRNS risk in our sensitivity analysis when fixed effects method or
random effects method was performed (Table 4). It was
inconsistent with that in non-sensitivity analysis mentioned above,
and the conclusion for II allele in our study was instable.
To sum up, as the result of that marked heterogeneity among
the included studies were observed for all the comparisons (when a
P value,0.10 for heterogeneity test among the included studies
was observed, the final results would come from those in random
effects models), the final results for the analysis of the association of
ACE I/D gene polymorphism with SRNS susceptibility in Asian
children were as follow: D: OR=2.11, P=0.30; DD: OR=2.46,
P=0.48 ; II: OR=0.44, P=0.39 (Table 4).
2.2 Association of ACE I/D gene polymorphism with
SSNS susceptibility. When the fixed effects method was
performed to explore the association between ACE I/D gene
polymorphism and SSNS risk in Asian children, we found D allele
and DD genotype were associated with the risk of SSNS when the
fixed effects method was conducted. However, significant
heterogeneity among the included studies was observed in the
analysis for D allele or DD genotype (P=0.002, P=0.0002;
respectively; Table 5). In the analysis using the random effects
method, we found D allele and DD genotype were not associated
with SSNS risk (D: OR=1.24, P=0.28; DD: OR=1.72, P=0.15;
Figure 1-B for D, Figure 2-B for DD; Table 5). The results coming
from the random effects method might be more stable compared
with those in the fixed effects method.
Furthermore, the association of II genotype with SSNS risk in
Asian children wasn’t observed when the fixed effects method or
the random effects method was used (P=0.35, P=0.85;
respectively; Table 5). The result might be stable and II
Table 3. Gene distribution characteristics of ACE I/D gene for
SRNS and SSNS.
First author,
year SRNS SSNS D allele (%)
DD ID II DD ID II SRNS SSNS
AI-Eisa 2001 6 2 0 33 8 6 87.50 78.72
Serdaroglu 2005 34 38 11 75 49 20 63.86 69.10
Yang 2005 0 5 6 5 12 12 22.73 37.93
Celik 2006 3 16 0 10 39 3 57.90 56.73
Tsai 2006 4 1 0 6 2 11 90.00 36.84
doi:10.1371/journal.pone.0019599.t003
Table 4. Meta analysis for the association of ACE I/D gene polymorphism with SRNS risk.
Comparisons
Studies
number heterogeneity P value Fixed effects model Random effects model
OR (95% CI) P OR (95% CI) P
D vs I 5 0.003 1.38(1.04,1.83) 0.03 1.60(0.71,3.61) 0.26
DD vs (DI+II) 5 0.0008 1.26(0.84,1.90) 0.26 1.90(0.45,8.08) 0.38
II vs (DI+DD) 5 0.17 0.51(0.29,0.88) 0.02 0.55(0.20,1.47) 0.23
Sensitivity analysis
D vs I 4 0.001 1.37(0.85,2.20) 0.20 2.11(0.51,8.66) 0.30
DD vs (DI+II) 4 0.0003 1.16(0.57,2.34) 0.68 2.46(0.20,29.84) 0.48
II vs (DI+DD) 4 0.08 0.47(0.19,1.15) 0.10 0.44(0.07,2.81) 0.39
doi:10.1371/journal.pone.0019599.t004
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of SSNS in Asian children.
In conclusion, as the result of that remarkable heterogeneity
among the included studies was observed for all the comparisons
(when significant statistical heterogeneity was observed among the
included studies, the final results would come from those of the
random effects models), the final results for the analysis of the
association of ACE I/D gene polymorphism with SSNS
Figure 2. Association of DD genotype with SRNS risk and SSNS susceptibility. A: DD genotype and SRNS; B: DD genotype and SSNS.
doi:10.1371/journal.pone.0019599.g002
Figure 1. Association between D allele and SRNS susceptibility or SSNS risk. A: D allele and SRNS; B: D allele and SSNS.
doi:10.1371/journal.pone.0019599.g001
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P=0.28; DD: OR=1.72, P=0.15; II: OR=0.95, P=0.85
(Table 5).
Sensitivity analysis. The gene distributions of control group
in the included studies were not in HWE and those investigations
were excluded from our sensitivity analysis. As a result, the gene
distributions in control group of three studies [8,14,31] didn’t
conform to HWE and those studies were excluded from our study.
Finally, four investigations [4,26,27,28] were recruited into our
sensitivity analysis.
In the sensitivity analysis, the association between D allele or
DD homozygous and risk of SSNS in Asian children wasn’t
observed when fixed effects method or random effects method was
conducted (Table 5). Combination the results coming from
sensitivity analysis with those in non-sensitivity analysis mentioned
above for SSNS, we might draw a stable conclusion that D allele
and DD homozygous were not associated with SSNS susceptibility
in Asian children.
The II genotype seemed not to play a protective role against
SSNS onset in our sensitivity analysis when fixed effects method or
random effects method was performed (Table 5). It was consistent
with that in non-sensitivity analysis mentioned above for SSNS,
and this conclusion for II allele was stable.
To sum up, as the result of that there was notable heterogeneity
among the included studies for the comparisons of D vs I and DD
vs (DI+II) (when a P value,0.10 for heterogeneity test among the
included studies was observed, the final results would come from
those in random effects models), the final results for the analysis of
the association between ACE I/D gene polymorphism and SSNS
risk in Asian children were as follow: D: OR=1.34, P=0.31; DD:
OR=2.04, P=0.30; II: OR=0.83, P=0.51 (Table 5).
2.3 The difference of ACE I/D gene distribution between
SRNS and SSNS. Five investigations [4,8,26,27,28] were re-
cruited into this meta-analysis for the analysis of the difference of
ACE I/D gene distribution between SRNS and SSNS in Asian
children. The difference of ACE I/D gene distribution wasn’t
observed between SRNS and SSNS when fixed effects method or
random effects method was used. The conclusion from the analysis
of the difference of ACE I/D gene distribution between SRNS and
SSNS was stable in this investigation. Consequently, as the result
of that marked heterogeneity among the included studies was
observed in the comparison of D vs I (when significant statistical
heterogeneity was observed among the included studies, the final
results would come from those of the random effects models), the
pooled OR and P value for the difference in finally were as follow:
D allele: OR=1.09, P=0.81; DD: OR=0.75, P=0.22; and II:
OR=0.77, P=0.41(Figure 3-A for D, Figure 3-B for DD;
Table 6).
Discussion
INS is the most common glomerular disease in children and
represents a heterogeneous group of glomerular disorders. It can
be divided into well-defined categories based on the response to
standard prednisolone therapy. Early diagnosis for patient is very
import for improving the prognosis in clinic. Up to now, there is
no early diagnostic measure which can provide a reliable answer to
predict the onset of SRNS. Renal histology detection is helpful to
predict the clinical course of INS in childhood, but there are some
limitations due to sampling, and the renal histology detection also
can’t accurately predict the response to corticosteroid treatment.
Furthermore, it is also difficult to put in practice widely, especially
in some developing country.
The genetic origin of renal diseases had been a focus of research
in the past years; and some investigations found that the genetic
alteration could become an early diagnosis indicator to predict the
onset of some diseases [32,33,34]. There were some significant
evidences showing that the RAS had taken part in the onset of
some renal diseases [9,10,11,12]. The level of plasma ACE,
constitutively expressed in several types of somatic cells, is linked to
an I/D polymorphism of 287 bp in intron 16 of the ACE gene
[35,36,37]. D allele and DD homozygous have been reported to
be associated with higher plasma ACE level [6,16]. ACE is an
important enzyme of RAS which can convert inactive angiotensin
I into a vasoactive and aldosterone-stimulating peptide angiotensin
II [38,39]. The increased ACE protein expression is responsible
for the elevation of plasma angiotensin II level [40]. So, D allele or
DD homozygous might be an important molecular marker for
early diagnosis of the onset of SRNS or SSNS. Most of the studies,
investigating the association between ACE I/D gene polymor-
phism and the response to steroid treatment, were performed in
Asian children with INS and tried to explore whether the ACE I/
D gene polymorphism could become an early diagnosis indicator
to predict the treatment response to steroid. However, data were
insufficient. Furthermore, findings on the association of ACE I/D
gene polymorphism with the susceptibility of SRNS or SSNS have
been controversial since the first investigation was reported. In this
study, we investigated whether the ACE I/D gene polymorphism
could become a valuable indicator to predict the treatment
response to steroid in Asian children with INS and tried to draw a
more credible conclusion by meta-analysis.
In this investigation, we found the difference of association of D
allele or DD genotype with the risk of SRNS or SSNS between
Table 5. Meta analysis for the association of ACE I/D gene polymorphism with SSNS susceptibility.
Comparisons
Studies
number heterogeneity P value Fixed effects model Random effects model
OR (95% CI) P OR (95% CI) P
D vs I 7 0.002 1.31(1.09,1.59) 0.005 1.24(0.84,1.84) 0.28
DD vs (DI+II) 7 0.0002 1.62(1.23,2.13) 0.0007 1.72(0.82,3.60) 0.15
II vs (DI+DD) 7 0.06 0.85(0.61,1.19) 0.35 0.95(0.55,1.63) 0.85
Sensitivity analysis
D vs I 4 0.02 1.15(0.85,1.57) 0.36 1.34(0.76,2.38) 0.31
DD vs (DI+II) 4 0.0003 1.21(0.77,1.91) 0.40 2.04(0.52,7.97) 0.30
II vs (DI+DD) 4 0.18 0.83(0.48,1.44) 0.51 0.81(0.37,1.80) 0.61
doi:10.1371/journal.pone.0019599.t005
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were in agreement with those of sensitive analysis. We also
conducted the analysis for the difference of ACE I/D gene
distribution between SRNS and SSNS, and found the difference of
ACE I/D gene distributions between two groups were not
statistically significant. Our results indicated that ACE D allele
or DD genotype could not predict the treatment response to
steroid in Asian children with INS. The conclusions were stable in
our meta-analysis and they were consistent with the results of some
included studies conducted in Asian children. Yang et al [28]
reported the distributions of ACE I/D gene polymorphism were
not significantly different between group of patient with INS and
healthy control groups, and the distributions of ACE I/D gene
polymorphism in the SSNS group were similar to those in the
SRNS group, so we could draw a reasonable speculation that there
was no significant association between ACE I/D gene polymor-
phism and the onset of SRNS or SSNS. Celik et al [27] observed
that there was no significant association between ACE genotypes
and risk of SSNS or SRNS, and they drew a conclusion that ACE
I/D gene polymorphism did not contribute to the steroid response
for patients with INS. Oktem et al [14] reported that there was no
difference in the ACE I/D gene distribution between children with
focal segmental glomerulosclerosis (most of them were SRNS) and
normal controls. Serdaroglu et al [8] found that the distributions of
ACE gene polymorphism in SSNS were similar to those of SRNS.
Patil et al [29] reported that the frequency of DD genotype in
SSNS patients was similar with that in controls.
However, some other Asian studies had an opinion that there
was an association between ACE I/D gene polymorphism and
treatment response to steroid. Al-Eisa et al [26] found that the INS
cases with DD homozygous showed a significantly higher
incidence for steroid sensitivity and steroid dependence. Tsai et
al [4] reported that the higher incidence of DD genotype was
observed in SSNS group and non-SSNS group, and a higher
percentage of DD genotype in non-SSNS group and in SDNS
group was also noted when compared with that in SSNS group.
They drew a conclusion that DD homozygous might be a risk
factor for INS and played an important role in the clinical
response to steroids for INS patients. Dang et al [31] observed that
the DD genotype distribution in non-SSNS patient was much
higher when compared with that in SSNS and healthy control
group and they drew the conclusion that ACE DD homozygous
was associated with the treatment response of steroid in patient
with INS.
Ethnic ingredient plays an important role in the epidemiology of
INS [5]. In our investigation, we excluded those investigations
Figure 3. D allele or DD genotype distribution difference between SRNS and SSNS. A: D allele; B: DD genotype.
doi:10.1371/journal.pone.0019599.g003
Table 6. Meta analysis for the difference of the ACE I/D gene distribution between SRNS and SSNS.
Comparisons Studies number heterogeneity P value Fixed effects model Random effects model
OR (95% CI) P OR (95% CI) P
D vs I 5 0.05 0.94(0.69,1.30) 0.72 1.09(0.56,2.11) 0.81
DD vs (DI+II) 5 0.24 0.75(0.48,1.19) 0.22 0.86(0.41,1.82) 0.69
II vs (DI+DD) 5 0.35 0.77(0.42,1.42) 0.41 0.83(0.39,1.76) 0.63
doi:10.1371/journal.pone.0019599.t006
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Sasse et al [6] found there was no significant correlation between
ACE genotype and steroid responsiveness in Swiss children with
INS. Saber-Ayad et al [30] revealed that no association between
ACE I/D gene polymorphism and risk of SSNS or non-SSNS by
investigating the characteristics of ACE I/D gene distributions in
Egyptian children with INS. The results of Sasse et al in Caucasian
children and Saber-Ayad et al for African children were similar to
those in our study, which was drew from Asian children with INS.
However, in Africans, Fahmy et al [25] found that DD genotype
might play a key role in the clinical response to steroid in Egyptian
children with INS, but the difference of DD genotype between
SSNS group and control group was not significant. For the
analysis of DD homozygous, there was a significant difference
between non-SSNS, SDNS and SRNS versus controls. For the
analysis of D allele, a significant difference was observed between
SSNS, SDNS and SRNS versus controls. The results of Fahmy
et al [25] could draw a conclusion that ACE I/D gene
polymorphism was associated with the treatment response of
steroid in African children with INS. In conclusion, the role of
ACE I/D gene polymorphism for SRNS and SSNS in Caucasian
children and African children might be different from that in
Asian children, and the number of the included studies was small
and it was difficult to draw a stable conclusion for the association
of ACE I/D gene polymorphism and the onset of SRNS or SSNS
in Caucasian children and African children (only 1 report for
Caucasian children and 2 investigations in African children). We
excluded those investigations from our meta-analysis.
Our results indicated that there was no an association between
ACE I/D gene polymorphism and the treatment response of
steroid in Asian children with INS. The outcome might be stable.
Our conclusion was inconsistent with those from the meta-analysis
for the association between ACE I/D gene polymorphism and
other diseases [20][21][23][24] in Asian population. We specu-
lated that the association of ACE I/D gene polymorphism with
different diseases was different in Asians, and the ACE I/D gene
polymorphism was not associated with the response to steroid
treatment in Asian children with INS. However, those findings
should be regarded cautiously because many other ingredients,
such as heterogeneity of enrolled cases, limited statistical power,
variable study designs and different interventions, were closely
related to affect the results. Furthermore, whether the I/D gene
polymorphism is just linked with other discrete loci involved in the
occurrence of SRNS or SSNS is not clear at the moment.
In conclusion, the results in our study support that DD genotype
or D allele is not associated with the susceptibility of SRNS or
SSNS in Asian children, and DD genotype or D allele can’t
become a significant genetic molecular marker to predict the
treatment response to steroid for children with INS. However,
more case-control association investigations on larger, stratified
populations are required to further clarify the role of the ACE I/D
gene polymorphism in predicting the treatment response to
glucocorticosteroid. More case-control investigations also should
be conducted in Caucasians and African population for investi-
gating the association between ACE I/D gene polymorphism and
the response to steroid treatment in patient with INS.
Acknowledgments
The authors would like to gratefully acknowledge the most helpful
comments on this paper received from Professor Liang Rong, Department
of Pediatric-neonatology, Baylor College of Medicine, Houston, exas,
USA.
Author Contributions
Conceived and designed the experiments: T-BZ Y-HQ. Analyzed the data:
T-BZ L-NS F-YL W-FH Y-JZ. Wrote the paper: T-BZ. Checked the data
in the paper: Y-HQ L-NS F-YL W-FH.
References
1. Khurana M, Traum AZ, Aivado M, Wells MP, Guerrero M, et al. (2006) Urine
proteomic profiling of pediatric nephrotic syndrome. Pediatr Nephrol 21:
1257–1265.
2. Woroniecki RP, Orlova TN, Mendelev N, Shatat IF, Hailpern SM, et al. (2006)
Urinary proteome of steroid-sensitive and steroid-resistant idiopathic nephrotic
syndrome of childhood. Am J Nephrol 26: 258–267.
3. Madani A, Isfahani ST, Rahimzadeh N, Fereshtehnejad SM, Hoseini R, et al.
(2010) Effect of levamisole in steroid-dependent nephrotic syndrome.
Iran J Kidney Dis 4: 292–296.
4. Tsai IJ, Yang YH, Lin YH, Wu VC, Tsau YK, et al. (2006) Angiotensin-
converting enzyme gene polymorphism in children with idiopathic nephrotic
syndrome. Am J Nephrol 26: 157–162.
5. Chang JW, Tsai HL, Wang HH, Yang LY (2009) Clinicopathological features
and prognosis of Chinese children with idiopathic nephrotic syndrome between
different age groups. Eur J Pediatr 168: 1189–1194.
6. Sasse B, Hailemariam S, Wuthrich RP, Kemper MJ, Neuhaus TJ (2006)
Angiotensin converting enzyme gene polymorphisms do not predict the course
of idiopathic nephrotic syndrome in Swiss children. Nephrology (Carlton) 11:
538–541.
7. Butani L, Ramsamooj R (2009) Experience with tacrolimus in children with
steroid-resistant nephrotic syndrome. Pediatr Nephrol 24: 1517–1523.
8. Serdaroglu E, Mir S, Berdeli A, Aksu N, Bak M (2005) ACE gene insertion/
deletion polymorphism in childhood idiopathic nephrotic syndrome. Pediatr
Nephrol 20: 1738–1743.
9. Huang HD, Lin FJ, Li XJ, Wang LR, Jiang GR (2010) Genetic polymorphisms
of the renin-angiotensin-aldosterone system in chinese patients with end-stage
renal disease secondary to iga nephropathy. Chin Med J (Engl) 123: 3238–
3242.
10. Tikellis C, Bernardi S, Burns WC (2011) Angiotensin-converting enzyme 2 is a
key modulator of the renin-angiotensin system in cardiovascular and renal
disease. Curr Opin Nephrol Hypertens 20: 62–68.
11. Burns WC, Thomas MC (2011) Angiotensin ii and its role in tubular epithelial to
mesenchymal transition associated with chronic kidney disease. Cells Tissues
Organs 193: 74–84.
12. Fedor R, Asztalos L, Locsey L, Szabo L, Manyine IS, et al. (2010) Insertion/
Deletion polymorphism of Angiotensin-converting enzyme as a risk factor for
chronic allograft nephropathy. Transplant Proc 42: 2304–2308.
13. Alves CS, de Ribeiro NS, Nogueira-de-Souza NC, de Valleta CC, Massad CA,
et al. (2009) Association between the angiotensin-converting enzyme (insertion/
deletion) and angiotensin II type 1 receptor (A1166C) polymorphisms and breast
cancer among Brazilian women. J Renin Angiotensin Aldosterone Syst 10:
51–58.
14. Oktem F, Sirin A, Bilge I, Emre S, Agachan B, et al. (2004) ACE I/D gene
polymorphism in primary FSGS and steroid-sensitive nephrotic syndrome.
Pediatr Nephrol 19: 384–389.
15. Tronvik E, Stovner LJ, Bovim G, White LR, Gladwin AJ, et al. (2008)
Angiotensin-converting enzyme gene insertion/deletion polymorphism in
migraine patients. BMC Neurol 8: 4.
16. Settin A, Elbaz R, Abbas A, Abd-Al-Samad A, Noaman A (2009) Angiotensin-
converting enzyme gene insertion/deletion polymorphism in Egyptian patients
with myocardial infarction. J Renin Angiotensin Aldosterone Syst 10: 96–100.
17. Nikzamir A, Esteghamati A, Feghhi M, Nakhjavani M, Rashidi A, et al. (2009)
The insertion/deletion polymorphism of the angiotensin-converting enzyme
gene is associated with progression, but not development, of albuminuria in
Iranian patients with type 2 diabetes. J Renin Angiotensin Aldosterone Syst 10:
109–114.
18. Arfa I, Nouira S, Abid A, Bouafif-Ben AN, Zorgati MM, et al. (2010) Lack of
association between renin-angiotensin system (RAS) polymorphisms and
hypertension in Tunisian type 2 diabetics. Tunis Med 88: 38–41.
19. Manrique-Rodriguez S, Fernandez-Llamazares CM, Sanjurjo-Saez M (2010)
Pharmacotherapeutic review and update of idiopathic nephrotic syndrome in
children. Pharm World Sci 32: 314–321.
20. Schena FP, D’Altri C, Cerullo G, Manno C, Gesualdo L (2001) ACE gene
polymorphism and IgA nephropathy: an ethnically homogeneous study and a
meta-analysis. Kidney Int 60: 732–740.
21. Yong D, Qing WQ, Hua L, Kan JJ, Xi CJ, et al. (2006) Association of
angiotensin I-converting enzyme gene insertion/deletion polymorphism and IgA
nephropathy: a meta-analysis. Am J Nephrol 26: 511–518.
Association of ACE with Steroid Responsiveness
PLoS ONE | www.plosone.org 8 May 2011 | Volume 6 | Issue 5 | e19599
T22. Qin YH, Zhou TB, Su LN, Lei FY, Huang WF, et al. (2011) Association
between ACE polymorphism and risk of IgA nephropathy: A meta-analysis.
J Renin Angiotensin Aldosterone Syst.
23. Ji LD, Zhang LN, Shen P, Wang P, Zhang YM, et al. (2010) Association of
angiotensinogen gene M235T and angiotensin-converting enzyme gene I/D
polymorphisms with essential hypertension in Han Chinese population: a meta-
analysis. J Hypertens 28: 419–428.
24. Zhang YG, Li XB, Zhang J, Huang J, He C, et al. (2011) The I/D
polymorphism of angiotensin-converting enzyme gene and asthma risk: a meta-
analysis. Allergy 66: 197–205.
25. Fahmy ME, Fattouh AM, Hegazy RA, Essawi ML (2008) ACE gene
polymorphism in Egyptian children with idiopathic nephrotic syndrome. Bratisl
Lek Listy 109: 298–301.
26. Al-Eisa A, Haider MZ, Srivastva BS (2001) Angiotensin converting enzyme gene
insertion/deletion polymorphism in idiopathic nephrotic syndrome in Kuwaiti
Arab children. Scand J Urol Nephrol 35: 239–242.
27. Celik US, Noyan A, Bayazit AK, Buyukcelik M, Dursun H, et al. (2006) ACE
gene polymorphism in Turkish children with nephrotic syndrome. Ren Fail 28:
401–403.
28. Yang F, Liu WJ, Liu PP, He GL, Guo ZQ, et al. (2005) Study on gene
polymorphism of renin angiotensin system in children with nephritic syndrome.
Journal of Jinan University(Medicine Edition) 26: 246–251.
29. Patil SJ, Gulati S, Khan F, Tripathi M, Ahmed M, et al. (2005) Angiotensin
converting enzyme gene polymorphism in Indian children with steroid sensitive
nephrotic syndrome. Indian J Med Sci 59: 431–435.
30. Saber-Ayad M, Sabry S, Abdel-Latif I, Nabil H, El-Azm SA, et al. (2010) Effect
of angiotensin-converting enzyme gene insertion/deletion polymorphism on
steroid resistance in Egyptian children with idiopathic nephrotic syndrome.
J Renin Angiotensin Aldosterone Syst 11: 111–118.
31. Dang XQ, Yi ZW, He XJ, Wu XC, Liu JH, et al. (2000) Angiotensin I-
converting enzyme gene polymorphism in children with nephrotic syndrome.
Chin J Pediatr 38: 288–291.
32. Sun QP, Li LY, Chen Z, Pang J, Yang WJ, et al. (2010) Detection of TMPRSS2-
ETS fusions by a multiprobe fluorescence in situ hybridization assay for the early
diagnosis of prostate cancer: a pilot study. J Mol Diagn 12: 718–724.
33. Jung S, Jeong D, Kim J, Yi L, Koo K, et al. (2010) The role of hLHX6-HMR as
a methylation biomarker for early diagnosis of cervical cancer. Oncol Rep 23:
1675–1682.
34. Moribe T, Iizuka N, Miura T, Stark M, Tamatsukuri S, et al. (2008)
Identification of novel aberrant methylation of BASP1 and SRD5A2 for early
diagnosis of hepatocellular carcinoma by genome-wide search. Int J Oncol 33:
949–958.
35. Bukreeva L, Grigorov A, Kiesewetter H, Hoppe B (2009) Association of
angiotensin-converting enzyme intron 16 insertion/deletion polymorphism with
history of foetal loss. J Renin Angiotensin Aldosterone Syst 10: 237–240.
36. Goodman C, Hur J, Goodman CS, Jeyendran RS, Coulam C (2009) Are
polymorphisms in the ACE and PAI-1 genes associated with recurrent
spontaneous miscarriages?. Am J Reprod Immunol 62: 365–370.
37. Costa AM, Silva AJ, Garrido ND, Louro H, de Oliveira RJ, et al. (2009)
Association between ACE D allele and elite short distance swimming. Eur J Appl
Physiol 106: 785–790.
38. Lambert DW, Clarke NE, Turner AJ (2010) Not just angiotensinases: new roles
for the angiotensin-converting enzymes. Cell Mol Life Sci 67: 89–98.
39. Lubel JS, Herath CB, Burrell LM, Angus PW (2008) Liver disease and the renin-
angiotensin system: recent discoveries and clinical implications. J Gastroenterol
Hepatol 23: 1327–1338.
40. Jr.Ribeiro-Oliveira A, Nogueira AI, Pereira RM, Boas WW, Dos SR, et al.
(2008) The renin-angiotensin system and diabetes: an update. Vasc Health Risk
Manag 4: 787–803.
Association of ACE with Steroid Responsiveness
PLoS ONE | www.plosone.org 9 May 2011 | Volume 6 | Issue 5 | e19599